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Materials high in solids, such as molasses, sirups, and honey, 
must be diluted wit,h an equal weight of water so that the 
asbestos will absorb the liquid. I n  the case of molasses, this 
dilution offers no added manipulation in raw sugar factory 
practice, since the “double dilution” method is routine 
procedure for molasses densities by the Brix hydrometer. A 
portion of this solution may be conveniently used for the 
moisture determination in the Spencer oven. In the runs 
recorded in Table V, dilution of 1 : 3 was tried in two cases, 
as noted, to see whether the more dilute solution would dry 
more rapidly. 

The work with molasses shows the same general trend as 
the results with known solutions, in that nearly all of the 
water is driven off in the first 10 min. The moisture in the 
original molasses, calculated from the solids obtained after 
20 min.’ drying, shows good agreement between duplicates, 
considering that the variations are multiplied on account of 
the dilution employed. Nothing is gained by using a 1 : 3 
dilution. I n  those cases where samples were subjected to 
extra heating beyond 20 rnin., the results were erratic. 

Based on the work with known solutions, together with 
the work on the molasses, the conclusion seems safe that 
20 rnin.’ heating with the air a t  110” C.  is the correct period 
to employ for this class of material. Heating to constant 
weight should not be attempted. 

TABLE VI-STRAINED HONEY 
(Diluted 1 : 1 by weight) 

Per cent Moisture 
Original (Calc. 

Weight Dilute -Per cent Solids (Dil. Sol.)- from 20-Min. 
Solution Dried 10 Min. 16 Min. 20 Min. Period) 

3.6362 37 .03  36 .90  36 .89  26.22 
4.8078 37.02 36 .89  36.88 26.24 
4.0930 37.14 37.01 36.99 26.02 

In  three tests on honey recorded in Table VI constant 
weight was reached in 15 min. The original honey was 
thin, probably diluted by the seller, which accounts for the 
relatively high percentage of moisture. 

SUMMARY 
By absorbing the liquid on asbestos, after the manner of the 

Babcock method of drying milk, the Spencer electric oven 
may be used for determining dry substa6ce in solutions. 

Known solutions of sugar, and of invert sugar and salt, 
are dried to practically constant weight in 20 min., the 
agreement between solids taken and solids found being to 
1 part in 300, or better. 

Thin solutions of low viscosity, such as cane juice, are 
fully dried in 10 min. 

Molasses, sirups, and honey must, be diluted 1 : 1 by weight 
with water before drying. The heating period for these 
materials should be 20 min. a t  110” C., and no attempt should 
be made to reach constant weight by extra heating periods. 

For work of this character a very strong current of air 
through the oven is required. 

The Determination of Reducing Sugars in Lead-Preserved Cane Juices I 

By Joseph B. Harris 
CENTRAL CONTROL LABORATORY, CUBAN-AMBRICAN SUGAR Co., CARDENAS, CUBA 

The percentage of glucose or reducing sugars in cane-sugar 
factory products is used for the calculation of “glucose 
ratios” and “glucose balances” for the purpose of knowing 
whethey sucrose is being inverted, or glucose being destroyed, 
a t  any stage of the process. For this purpose the best com- 
parative figure is that obtained by making the determination 
on the material without the use of lead, thus showing all 
copper reducing substances, and leaving no question as to an 
indeterminate amount of reducing substance precipitated or 
changed by the lead. Since the figure is used or-ly for the 
comparison of relative amounts of reducing substance in the 
various stages of the process, the question as to the presence 
of reducing substances, not reducing sugars, is of no interest. 
In  this paper the term “reducing sugars” or “glucose” is used 
to mean all copper-reducing substances present in the material. 

The determination of the reducing sugars without the use 
of lead on the heavier materials, such as sirup, molasses, or 
sugars, is very simple, since the composite samples can be 
kept for a reasonable length of time, but for compositing 
juice samples a preservative is necessary. Dry basic lead 
acetate, in the proportion of 20 g. per liter of juice, has been 
found the most effective preservative, so that for comparative 
purposes the problem of determining the reducing sugars in 
the juice becomes that of seeking a reagent for deleading that 
will overcome the effect of the lead and give the same result 
as would have been obtained had the juice been analyzed 
without the use of lead. 

The present investigation was taken up for the purpose of 
&ding such an agent for the lead-preserved juice, which would 
give results comparable to those of the sirups, molasses, and 
sugars on which the reducing sugars have been determined 

1 Presented before the Section of Sugar Chemistry and Technology at 
the 61st Meeting of the American Chemical Society, Rochester, N. Y., 
April 26 to 29, 1921 

without lead for several years.’ 
EXPERIMENTAL PART 

A number of samples of raw cane juice were divided in two 
portions, the amount of copper reduced being determined on 
one untreated portion, after filtering without lead, using 
kieselguhr only to aid filtration. For the purposes of the 
investigation this gives the true amount of reducing sugars. 
At the same time 20 g. of dry basic lead acetate per liter 
were added to the other portion, which was shaken thor- 
oughly and left standing for 24 hrs. The leaded portion was 
then reshaken, and 100-cc. portions of the leaded juice, 
roughly measured in a graduated cylinder, were treated with 
the following reagents: 

0 75 g.  dry sodium oxalate 
1 Og sodiumchloride 
1 . 5  g sodium bicarbonate 
0 . 5  g. pulverized crystals of oxalic acid 
0 . 2  to 0 . 3  cc. phosphoric acid-85 per cent, C. P. 
0 . 2  to  0 . 3  cc. acetic ac id-99.5 per cent, C. P. 
No deleading agent 

After treatment with the reagents the juice was filtered, and 
the amount of copper reduced was determined on the filtrate. 

Copper reduction was carried out by the Meissl and Hiller 
method: 50 cc. of the solution for analysis (containing 10 to 15 
g. of juice) and 50 cc. of mixed Fehling solution were heated to 
the boiling point in a beaker on an electric hot plate in 4 min., 
and maintained a t  gentle ebullition for exactly 2 min. The 
boiling point was determined by a thermometer in the liquid. 
At the end of the boiling period, 100 cc. of cold, recently 
boiled, distilled water were added, the solution filtered through 
an alundum crucible. The cuprous oxide was burned to 
cupric oxide and weighed as cupric oxide. The results are 
given in the following tables: 

1 Meade and Harris, THIS JOURNAL, 8 (1918), 604. 
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TABLE I-TESTS WITHOUT LEAD COMPARED WITH TESTS AFT4R DBLEADINQ 
WITH SODIUM OXALATE, AND TESTS WITHOUT DELEADINQ 

Without Deleaded with Filtered without 
Lead Sodium Oxalate Deleadinsz 

CUO 
0.3440 
0.2746 
0.3533 
0.2896 
0.2892 
0.3048 
0.2251 
0.2266 
0.0659 
0.0645 

I 

CUO 
0.3505 
0.2797 
0.3514 
0.2914 
0.2913 
0.3048 
0.2246 
0.2243 
0.0659 
0.0661 - - - 

0.2546 0.2438 0.2450 

With 10 g. of juice used per test, and assuming a polarization 
of 12.00, the percentage of glucose without lead is 1.04 and 
after deleading with sodium oxalate, 0.99, a difference of 5 
per cent on the total. 

Taking the figure without lead as correct, deleading with 
sodium oxalate gives too low results, and comparison with 
tests made on the filtrate from leaded juice without any de- 
leading agent shows nothing accomplished by deleading with 
sodium oxalate. The filtrate after deleading with sodium 
oxalate is decidedly alkaline to phenolphthalein and to 
litmus. 
TABLE 11-COMPARISON OF TESTS WITHOUT LEAD AND AFTER DELEADINQ 

WITH SODIUM CHLORIDE 
Without Deleaded with 

Lead Sodium Chloride 
CUO 
0.3598 
0.3083 
0.3003 

CUO 
0.3498 
0.2926 
0.2815 

The reducing sugars combined with the lead cannot be 
recovered by treatirmg with sodium chloride, the error being 
greater than with sodium oxalate. 

No further tests with normal salts were made, it being 
assumed that in order to recover the combined reducing 
sugars the basicity of the lead would have to be neutralized 
with acid salts or acids. 

To try the effect of acid salts, sodium bicarbonate was 
used as a deleading agent. 

In the majority of tests the sodium bicarbonate checks the 
tests without lead very closely and the average is well within 
the limits of accuracy of the test, but a number of very 
erratic results, both lower and higher than without reagents, 
show that it is not dependable and is not to be recommended 
as a deleading agent. 
TABLE 111-COMPARISON'OF~TESTS WITHOUT LEAD WITH TESTS ABTER DE- 

LEADING WITH SODIUM BICARBONATE 
Without Deleaded with 
Lead Sodium Bicarbonate Difference 
CUO 
0.3135 
0.2427 
0.3588 
0.3161 
0.0733 
0.1477 
0.2421 
0.1954 
0.1944 
0.2869 
0.3585 
0.3376 
0.3058 
0.2645 
0.3003 
0.3144 
0,3233 
0.2871 

CUO 
0.3218 
0.2407 
0.3554 
0.3170 
0.0735 
0.1460 
0.2401 
0.1912 
0.1911 
0.2804 
0.3571 
0.3354 
0.3023 
0.2769 
0.3013 
0.3140 
0.3248 
0.2835 

CUO 
+0.0083 
-0.0020 
-0.0034 
+o .0009 
+0.0002 
-0.0017 
4.0020 
-0.0042 
-0.0033 
-0.0065 
-0.0014 
-0.0022 
-0.0035 
+0.0124 
+O.OOlO 
-0.0004 
+0.0015 
-0.0036 

In every case the tests after deleading with oxalic acid 
agree very closely with the tests without lead. Several of the 
tests were made with anhydrous oxalic acid, but since it is very 
hygroscopic it is doubtful if any greater accuracy is obtained 
by its use. At any rate, the dilution due to the water of 
crystallization of the oxalic acid is shown to be within the 
limits of accuracy of the test and can be ignored. There is no 
indication of inversion by the oxalic acid. Since it reacts with 
the lead acetate to form lead oxalate, the acidity of the 
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filtrate is probably due entirely to acetic acid formed in the 
reaction, and the high inverting power of the oxalic acid 
offers no danger. 
TABLE IV-COMPARISON OF TESTS WITHOUT LEAD WITE THOSE AFTER 

TREATING WITH ACIDS 
Without Deleaded with Deleaded with Treated with 

Lead Oxalic Acid Phosphoric Acid Acetic Acid 
CUO 
0.3376 
0.3233 
0.3366 
0.3382 
0.2869 
0.3585 
0.3058 
0.3003 
0.3144 
0.3233 
0.2871 
0.2648 
0.3135 
0.3025 
0.2427 
0.3588 
0.3161 
0.1477 
0.2421 
0.1959 
0.1800 
0.0733 

CUO 
0.3371 
0.3255 
0.3354 
0.3368 
0.2869 
0.3576 
0.3051 
0.3010 
0.3127 
0.3255 
0.2860 
0.2650 
0.3130 
0.2997 
0.2420 
0.3575 
0.3168 
0.1462 
0.2415 
0.1944 
0.1819 
0.0747 

CUO 
0.3379 
0.3262 
0.3314 
0.3325 
0.2879 
0.3610 
0.3039 
0.2998 
0.3164 
0.3262 
0.2838 
0.2696 
0.3080 ...... . . . . . .  ...... ...... . . . . . .  ...... ...... . . . . . .  ...... 

CUO 
0.3301 
0.3165 
0.3288 
0,3294 ...... ...... ...... ...... ...... ...... ...... . . . . . .  . . . . . .  . . . . . .  ...... ...... ...... . . . . . .  ...... ...... 

The phosphoric acid checks the tests without lead very welI 
in some cases, but a number of variations of 4 to 5 mg. of CuO, 
both higher and lower than the tests without lead, show it to . 
be less dependable than oxalic acid. 

Acidifying with acetic acid before filtering gives low results. 
The amount added was not sufficient to account for the low 
results by dilution. It is possible that sufficient acetic acid 
might be added to release the reducing sugars combined with 
the lead, but this would introduce a considerable dilution 
error, very difficult to measure on account of the difficulty of 
measuring the leaded juice accurately. 

The dilution error in the case of the other reagents is partly 
compensated for by the formation of a precipitate with the 
lead, and is shown by the tests to be within the limits of accu- 
racy of the determination. 

Since oxalic acid had given the best results, the following 
tests were made, deleading with oxalic acid after filtering off 
the lead precipitate. The oxalic acid was added to the 
fitrate in the same proportion as in the other tests, i. e., 0.5 g. 
per 100 cc. of filtrate. 
TABLE V-COMPARISON OF TESTS WITHOUT LEAD AND TESTS ON THE FIL- 

TRATE NOT DBLEADED AND DELEADED WITH OXALIC ACID 
Without Filtrate Filtrate Deleaded 

Lead not Deleaded with Oxalic Acid 
CUO 
0.2433 
0.1849 

CUO CUO 
0.2257 0.2261 
0.1771 0.1767 

These tests show that the addition of deleading agents 
after filtering off the lead precipitate is useless. To be effec- 
tive, the deleading agent must be added to the leaded sample 
before filtering. 

SUMMARY 
The percentage of reducing sugars as obtained on juice sam- 

ples preserved with basic lead acetate after deleading with the 
usual normal salts is too low. 

To obtain the full percentage of reducing sugars in lead- 
preserved samples of juices it is necessary to use an acid 
deleading agent before filtering. 

The use of deleading agents after filtration has no effect. 
Oxalic acid is shown to be the most effective reagent tried 

for the purpose, always giving results which check tests on 
the same juice before preserving with lead. 

The Link-Belt Company of Chicago has acquired all of the 
capital stock of the H. W. Caldwell & Son Co., and Frank C. 
Caldwell has been elected a director of the Link-Belt Company. 
The Caldwell plant will continue to be operated under separate 
corporate existence and under its present name, the plant man- 
agement remaining substantially unchanged. 


